Fundamenta l aspects of detrital zircon fi ssion-track analysis in provenance and ex humation studies include etching of fission tracks in zircon, deco mposition of gra in-age distributions, detection of major bedrock age components, a nd reprod ucibility of results. In this study. we present new detrita l zircon fission -track data of sed iment samples from eight Italian rivers draining the European Alps and previously published data from the Rhone della in southeastern France. These sa mples are used to demon strate that variable etching rates in detrital zircon, which have been shown elsewhere to net:essitate a multi-etch procedure during sample preparation . are not a sign illcan t problem for zirco ns from the Alps. Etc hing response in zircon is a function of radiation damage. principally caused by a-decay. Spontaneous fi ssiontrack density can be used as a proxy for total radiation damage. We use spontaneous track density, fi ssion-track cooling age, and uranium content to define a " window of countab ility" for detrital zircon . We also show that detrital zircon fi ssion-track results are rep roducible by compa rin g results from mode rn sediments from the same river drainage. The results also compare well with the known distribution of bedrock coolin g ages in eac h drainage area. On a regional sca le. our data illustrate that a few sa mples ca n provide an overview of the fi ssion-track age pattern of a whole orogen. which is useful for ex huma tion a nd provenance studies.
INTRODUCTION
Fission-track analysis or delrilal zircon has become an important tool ror the study or sediment provenance and longtelTll exhumation or orogenic mountai n belts (Hurrord ct al .. 1984 .. : Zeiller el al.. 1986 : Cerveny el a1 : Hurford and Carter. 1991 . Brandon and Vance. 1992 : Garver and Brandon. 19943. 1994b : Lonergan and Johnson. 1998 : Carter. 1999 : Garver el at. 1999 : Spiegel et al. . 2000 I: Garver :md Kamp. 2002) . In Ihis paper. wc examine the ability or fiss iontrack grain-age distributions or dctrital zircon rrom modem river sediments 10 resolve bedrock cooling ages in an orogenic source region. and we consider the procedu res used in this kind of study. A detrital sample commonly conta ins a variety of zircons with different cooling ages and uranium contents. In active orogenic settings. zircons cool in the crust by tectonic and erosional exhumation or by conductive cooling !o llowing volcanism or shallow plulonism. Theretore. in (Brandon and Vance. 1992; Garver and Brandon. 19948. 1994b: and Siewan and Brandon. 2004) . The data reflec t the fact that it is difficult to count grains with spontaneous track densities greater than -3 x 10 1 tracks/e ml. This effect is largely due to overlapping tracks. ,0, '''"'
Cen""l Alps !';, •• t.
igneous activity. zircon fission-track ages can be used as a proxy for long-tenn exhumation (Cerveny et al .. 1988 : Garver et al.. 1999 ).
Many orogens have deeply exhumed metamorphic internal zones where the fission-track ages for zircon provide infonnation about postmetamorphic cooling and exhumation. The main agents of erosional exhumation are rivers that flank the orogenic system. These rivers tend to sample the landscape of their drainage areas by yield. which means that faster eroding areas potentially deliver more material to nearby basins. In addition to sediment yield. which is a function of erosion rate. the effective zircon yield also varies with lithology ( Poldervaart. 1955 Poldervaart. . 1956 : Deer et al .. 1992 ).
The purpose of this study is to examine whether it is possible to detect all major cooling age componeniS in a drainage area with one detrital sample. despite the variable etching response of detrital zircon (Naeser et al.. 1987 : Kasuya and Naeser. 1988) . Furthermore. we are also interested to see if detrital zircon fission-track results are reproducible. The European Alps are ideal for this study because the thennochronology of the bedrock has been thoroughly investigated over the past 40 years. Using the large data set of bedrock cooling ages in the European Alps available from the literature (Hunziker et al.. 1992 : Bernet et al.. 2001 . and references therein). we are able to address the questions above. For the Alps. the temperature for effective closure of the zircon fission-track system is -240°C (Hurford. 1986 were determined with BINOMFIT (Brandon 1996 (Brandon , 2002 , and are given in Ma ±2 SE. Also given is the percenta~e of grains in a specific peak.
Zircons were irradiated with thermal neulrons at Oregon State University with a normailluence 012 x 10 " n/cm , along with zircon age standards (Buluk Tuff and Fish Canyon Tull) and a reference glass doSimeter CN·5. Samples were counted al1250x dry (l00x objective, 1.25 lube factor , 10 oculars) using a zeta (eN·5) 01 332.8:t 6.8 (i 1 SE: MB).
and intragrain variation in radiation damage. This is of particular concern in detrital suites. which may be made up of grains with a variety of cooling ages and uranium concentrations (Fig I) . Revelation of fi ssion tracks in zircon is accomplished by etching grains in a chcmical etchant (most laboratories use a NaOHI KOH eutectic melt; Gleadow et aI., 1976) . Etching for short times reveals tracks in grains with high radiation damage (generally older grains). and etching for a long time reveals tracks in grains with low radiation damage (generally younger grains).
To ensure that none of the major age groups is excluded fro m detection. the "multi-mount technique" is used (Naeser et al.. 1987 ). This method utilizes at least two mounts per samplc. one for a long etch and one for a short etch. Therefore . two mounts were processed for each Italian ri ver sample in this study (Fig, 2 : Table I ). Short etch times were selected between 7 and 15 hours. while long etch times ranged between 15 and 24 hours for these samples, which were all etched at 228 °c in a laboratory oven.
Each mount generally contained between 500 and 1000 zircons. depending on the amount of available sample material . The range of uranium content against cooling age for all zircons counted in {his study from " alian ri ver samples is shown in Figure 3 . Sample preparation and etching of RhOne delta samples is described in Bernet et al. (2004) . The ideal situation would be to have a short etch with no over-etched grains and a long etch with no under-etched grains. so that the differently ctched mounts would overlap in their fi ssion-track grain-age distributions. In most cases, the selected etch times were able to produce short-etch and long-etch mounts that conform 10 this objective.
A bias introduced by etching could cause problems if etchability was correlated with specific sources. Comparison of fission-track grain-age distributions from paired mounts can be used to check for this problem. For our study here, we found that each mount contains the full spectrum of grain ages. There is a bias, however, in the relative sizes of peaks in these distributions. For example, the size of a young peak might be smaller in the fission-trac k grain-age distribution for a short-etch mount than that for the distribution from the corresponding long-etch mount.
Alph a Damage a nd Etc hin g Response
Etch time influences which grains will be countable because it affects how fission tracks are revealed. The etching response of zircon is related to radiation damage in the grain (Gleadow. 1978: Kasuya and Naeser. 1988: Garveret al.. 2oooa ). The result of the radiation damage is that grains with high radiation damage etch easily. and tracks are quickly revealed in a few hours. Grains with low radiation damage are less chemically reactive and need longer etch times. up to 40-100 h.
The main source of radiation damage is the production of a-particles associated with the decay series for m U, DSU, and 2l2 'J'h (e.g .. Palenik et aI. , 2003) . The number of a-decay events per gram, D", is given by
Fission-track grain age (Ma) Figure 3 . Uranium content-fission-track age relation of all zircons dated from the Italian river samples in this study.
where "t is the amount of time for a -production. [UJ and [Th] represent the total number of a-particles ej ected du ring the decay series for each of the U and Th isotopes. This equation shows that the contri bution ofTh to a-production is small. mainly due to the much slower decay of ZJ2"fh. The a -production rate for Th is only 5% relative to that for an equivalent mass of U. A compilation of zircon analyses (discussed below) indicates that the ratio Th/u in natural zircons ranges from 0 to 2.9. with a mean of 0.5 ( Fig. 4 ; see Garver and Kamp. 2002 , for detai ls). Thus, U content is the primary factor for assessing radiation damage in zircon. Fission decay will also produce radiation damage, but l)8 U is the only isotope of the U and Th series that has a significant fission decay rate, A f' ' ' 8 = 8.45 x 10-17 yrl. The number of fission decay events per gram of zircon is given by
Fission decay produces highly energetic particles and visible damage zones, but a-decay occurs much more frequen tly, as indicated by 
with p given in tracks per cm:. The other variables are L. the elchabie length of unannealed sponlaneoos fiss ion tracks ( 10.6 f.lm for spontaneous tracks in Fish Canyon Tuff zircon, Srix et a1 .. 2002) , and p , the density of zircon (4.65 g cm-1
) . Combining equations (3) and (4) gives the following relationship of a-decay to sponlaneous track density Dn '" 1.4984 X IO 'Ocm2g. p, (5) This relationship suggests that P, might be used as a proxy for D" A critical assumption is that fission tracks and a-<iamage should have a simi lar sensitivity to thermal annealing. Tagami et a1. (1 996) argue that a-damage is annealed at temperatures just below those needed to start annealing of fission tracks. However. their evidence is indirect. in that it was based on changes in the etching behavior of zircon. and not on a direct measure of adamage. Garver and Kamp (2002) show evidence that color in zircon, which is a manifestation of radiation damage. requires temperatures up to 400 °C to be fu lly annealed on geologic time scales. whereas fission tracks are fully annealed at temperatures of 250-300 °C. These observations suggest that a-damage and fission tracks are annealed at similar temperatures. bUithe partial retention zone for a-<iamage spans a broader temperature range than that for fission tracks. Thus. we propose that p. is in fact a good proxy for D"
Comparison of the different estimates of the relationship between P, and D" are shown in Figure 5 . The dashed line shows
Figure S. Relationship of alpha decay to spontaneous fi ssion-track density in zircon. The dashed line shows the approximate relmionship given by equlltion (S). The filled circles were calculated for 336 zircons using U and Th measurements determined by sensitive highresolution ion microprobe (SHRIMP) analyses from several unrelated studies (Ireland. 1992 : Zhao et al. . 1992 ; $chafer et a1. . I99S : Gray and Zeitler. 1991 ). The calculation is based on the full equations (1.2. 4). and a representative cooling age of 100 Ma. The solid lines show the trend for these data for cooling ages of 10 and SOO Ma.
the approximate equation (5). The points are based on U and Th measurements for SHRIMP-dated zircon grains compiled from the literature (336 zircons from Ireland. 1992 : Zhao el a1.. 1992 : Schafer et al.. 1995 : Gray and Zeitler. 1997 ). The estimated P. and D" valueS were determined using the fu ll equations ( I, 2. 4). and a representative cooling age of 100 Ma. The solid lines show the trend for these data for different cooling ages. 10 and 500 Ma. The conclusion is that cooling age and Th/U ratio have only a minor influence on the relationship between P. , and Dn'
With increasing radiation damage. the crystall ine structure of zircon is gradually transformed into an increasingly disordered structure (Palenik et a! .. 2003) . The metamict state starts at -3.5 x 10" a-decay events/mg. which corresponds to P. _ 2 x 10' cm-!. Compi lation of our fission-track zircon ages indicates that zircons haVe to have p, < 3 X 10 7 cm-: to be dated using standard techniques (Fig. I) . Thus, the etching bias is associated with radiation damage well below the metamict state. Nonetheless. the infl uence of radiation damage on etching rates is dramatic. A zircon with an old cool ingageor high· U content can be etched in a few hours, whereas zircons with young cooling ages and low-U
Window of countability for Alpine detrital zircons
Cumulative probability (%) of uranium concentration (ppm) for natural zircon
Uranium content (ppm) Figure 6 . The "window of countability" of fission tracks in zircon is shown as a function of SpOnlallCOUS t .. ock density. uranium contenl. and cooling age. The zircon fission·track grain-age data for the RhOne delta and Italian River samples were used to define the size of the window of countability. The grains represent etching conditions ranging from 6 to 60 h. btu most were etched between I Sand 24 h. The horizontal contours show the cumu lative probability distribution (1%-99%) for spontaneous track density in zircons from our study etched for ISh. The vertical contours shows the cumulative probability distribution for U content in natural zircons. based on sensitive high·resolution ion microprobe (SHRIMP) analyses from several unrelated studies (Ireland. 1992 : Zhao et a1.. 1992 Schafer et al.. I99S: Gray and Zeitler. 1997 ).
M. Bernel el af. content are less chemically reactive and need longer etch times.
up 10 40-100 h.
The zircon fission-track grain-age from OUT Rhone delta and Italian river samples are used 10 ill ust rate the "window of counlability" (Fig. 6) . The graph includes detenninations from all etches, both long and short. However. the contours showing the distribution of spontaneous track densities are based on average etching conditions of a 15 h etch time at 228 ' >C. The zircons in this diagram appear to have a sufficient range of properties to highlight the area covered by the etchability window. Other studies may not find the same range. but this would reflect a more limited range of properties for the zircons being studied.
G rain-Age Distributions and Spontaneous Track De nsity
As noted above. the etchi ng bias will be a significant problem in cases where etchability correlates strongly with zircon fission-track age. For example . Naeser et al. ( 198.7) and Cerveny et al. (1988) showed a strong bias for very young zircon fiss ion-track ages from sediments shed from the Himalayas. In areas with cooling ages older than ca. 5 Ma. this aspect of the etching bias seems to be less of a problem (Garver et al. . 2000a ). To illustrate. we considered an example from one of our Rhone delta samples (Fig. 2. Figure 7 by comparing the two mounts that have the largest difference in etch time (6 and 60 h) and the two mounts with the smallest difference in etch time (10 to 15 h). Figure 7 A and 78 show P, for the grains in tenns of cumulative probability. ranging from 0 to 100%. The Kolmogorov-Smimov (KS) test (Press et al.. 1992. p. 614-6 17) is used to assess the statistical significance of the difference between the distributions. A low probability on the test. such as P(KS) < 5%. would indicate that the differences between the two distributions are significant. If P(KS) » 5%. then the differences could be due to random chance alone. The test indicates a significant difference between the 60 hand 6 h etches. with P(KS) < 1%. but no significant difference between the \0 and 15 h etches. where P(KS) = 96%. The next step is to examine probability density plots for the fi ssion-trac k grain-age distributions for each of the four mounts ( Fig. 7C-O) . The density plots were constructed from grain age data using the method of Brandon ( 1996) . The density plots indicate that all four etches sampled the same range of grain ages.
even though there are only 20 grains dated per mount. To apply the KS test. we recast the grain-age data as cumulative probability plots (Fig. 7E-F) . The KS probabi lities of 99010 and 86% for these comparisons indicate that there is no significant difference between the fiss ion-track grain-age distributions. despite the differences in etching times. Furthennore. comparing the range of det rital zircon fission-track ages with known bedrock zircon fission-track ages in the source area of the Rhone River system (Bernet et al .. 2004) . we find that all major bedrock-age components are covered.
The conclusion is that for the Alps. we can easily reveal counlable fission tracks in all major grain-age components of the total grain-age distribution. There are three reasons for this outcome. ( I) The Alps source regions are not dominated by very young grain ages «5 Ma). so that the etching process is able to reveal tracks in almost all zircons. (2) Each zircon source appears to supply zircons with a wide range of uranium concentrations. which can be properly etched with different etch times. (3) Zircons from the Alps show no strong spatial correlation in the bedrock between the U and Th content and zircons cooling ages. This result was expected given that many of the metamorphic rocks in the source region are derived from sedimentary protoliths, so that zircon properties are already randomized in the source region.
The conclusion from this exercise is that for Alpine zircons etchi ng does not have a large influence on the sampled grain-age distribution. A single mount. etched anywhere between 6 and 60 h. would have covered the expected range of grain ages. Nevertheless. it is strongly recommended that at least two mouniS with different etch times are used for detrital samples. This is 
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Note: Grains = total number 01 grains covnted: results from dilferent mounts per sample were combined: best-fit peak ages (Pl -P4) were determined with BINOMFIT (Brandon 1996, 2(02) and are given in Ma ±2 SE. Also given is percentage of grains in a specihc peak. Zircons were irradiated with thermal neutrons at Oregon State University wilh a normal flueoce 01 2 ~ 10" n/cm' , along with zircon age standards (Buluk Tuff and Fish Canyon Tulf) and a relerence glass dosimeter CN-5. and counted al 1250~ dry (100~ oojective. 1.25 tube factor. 10 oculars) using a zeta (eN-5) of 359.9 ± 12.7 (± 1 SE: BAM). F'SSKl''Hrack graIn IJ9II (Ma) Figure 7 . Spontaneous track density and fission-track grain-age distribution comparison for different etch times, Exami nation of the in fl uence that the etching bias might have on a typical detrital zircoll fission-track grai ll-age distribu tion. The plots are based on fission-track grain-age distributions from sample B collected from modem sediments of the Rhone delta. The fou r dist ributions were treated wi th differe nt etch times. 6. 10. 15 . and 60 h. Cumulative probab ility plots of spontaneous track dcnsi ty distributions show (A 1 signiticant di fferences between the grai ns dated from the shortest and longest etches (6 and 60 h). but (B) lillie difference between the two elos..'St etches (10 and 15 h). The fission-track gra in.age distri butions for these four mounts are presented as probability density plolS in (e) and (0). and cum ulative probabi lity plots in (E) and (F). The main conclusion is Ihal etching bias observed in (AI appear.; to have li ll ie if any bias on the fission·trnck grai n-age distributions of these samples.
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A Sesia River drainage especially true for detrital zircon suites that are dominated by very young «5 Ma) or very old (>300 Ma) cooling ages. to fully understand the grain-agelU content range and to select appropriate etch times (GaNer et a1 .. 2000a. 2000b ).
COUNT ING C RITERIA
In most bedrock zircon fission-track studies. 10-20 clear. well-etched grains are typically dated to detennine a cooling age of a single-source sample (i .e .. a granitic intrusion). More zircon grains need to be dated for detrital samples because they usually contain a mixture of zircons with a variety of different cooling ages. Only a random selection of countable zircons should be analyzed from a randomly mixed suite of zircons in the Teflon mount. Grains should only be selected by their countability and not by their shape, color. or other attributes. Grains with well-exposed and polished surfaces parallel to the zircon C-axis. containing well-etched fiss ion tracks. with some tracks parallel to the C-axis. were considered countable in the present study. Under-etched or over-etched grains were not counted. In addition. metamict grains and grains with very high spontaneous track densities (>-3 x 10 1 trackslcm 2 ) or strong zonation. as well as grains with uneven surfaces. cracks or very small counting areas of less than 270 11m 2 • were not counted. If possible. enough grains per sample should be dated to ensure that the major components-those that make up more than 20% of the distribution-are represented (see discussion on detection limits in Stewart and Brandon. 2004 ). In practice. this means that. if a sufficient number of grains were available. 60-100 countable grains per sample were dated in this study: otherwise. all possible grains were counted (Tables I and 2) .
GRAIN-AGE PEAKS
All observed fission-track grain-age distributions were decomposed into their main grain-age components or peaks. We followed the approach of Galbraith and Green (1990) in using their binomial peak-fit method (Brandon. 1996 (Brandon. .2002 . Zircon fission-track peak ages are a proxy for long-tenn exhumation rates. where cooling occurs by erosion or nannal faulting. and not following magmatic events (Cerveny et al.. 1988: Garver et al .. (999) . The Alps are basically free of recent volcanism. The last major magmatic activity occurred ca. 30 Ma (von Blanckenburg. 1992 : Dunkl et al.. 2000 .
Peak ages tend to remain fairl y constant within their error range. whereas peak sizes are much more variable from sample to sample and through time. Peak age reflects the amount of time needed to exhume the zircons from Ihe depth of the zircon fission-track closure temperature. Thus. peak age provides an estimate of long-tenn exhumation rates. Peak size. however. is influenced not only by the long-tenn erosion rate. but also by short-tenn variations in erosion rates (e.g .. stonns. rock slides. etc.) and also by spatial variations in zircon concentrations in the source region. Peak size can also be infl uenced by the etching bias discussed above. In general. we find that peak ages tend 10 be a more robust fealUre of a fission-track grain-age distribution. whereas peak sizes can vary considerably within replicated distributions.
DETECTION OF BEDROCK COOLING AGES
One detrital sample can provide a remarkably representative picture of the bedrock fission-track cooling-age distribution in a drainage area. as first shown by Zeitler et al. (1986) and Cerveny et al. (1988) . This initial picture can be further refined by comparison of the detrital zircon fission-track grain-age distributions with the distribution of bedrock zircon fission -track ages in river drainage areas in the European Alps. Because there have been over four decades of bedrock fi ssion-track analysis in the European Alps. a large data set of low-temperature cooling ages is now avai lable (e.g . . Hunziker et al.. 1992) . We selected the Sesia Ri ver. Dora Baltea Ri ver. and Ticino River in the Western. Central. and Southern Alps (Fig. 2. Table I ) to make the proposed comparison because these drainages have different sizes, they drain areas with diverse exhumation rates, and the bedrock cooling-age da ta sct has the highest density in these areas. We constructed contour maps for zircon fi ssion-track ages (Fig. 8 ) from published fission-track data (Hurford and Hunziker. 1985 : Flisch_ 1986 : Hurford. 1986 : Giger and Hurford. 1989 : Michalski and Soom. 1990 : Hurford et al.. 1991 : Hunziker et al.. 1992 
~ ! 100 1---11-+-+- Figure 9 . Probability density plots of fission-track grain-age distributions of eight Italian modem river samples in west to east order (Fig.  2) . reAccting the regional trend of fasler exhumation in the Western and Central Alps and stowerexhumation in the Eastern and Southern Alps. Seward and Mancktelow. 1994; Bertolli et aI., 1999 : Fugenschuh et al.. 1999 . Here. we review the results for all three river samples.
A. The Scsia River. the smallest of these three drainages. drains part of the Monte Rosa massif. the northern part of the Sesia-Lanzo Zone. and the Ivrea Zone (Fig. 8A) . Bedrock zircon fission-track ages in this drainage range from 25 to 130 Ma with the majority of ages ca. 35 Ma for the Sesia-Lanzo Zone, but the area also has a number of zircon fission-track ages between 45 and 60 Ma (Hurford and Hunziker, 1985 : Hurford and Hunziker. 1989 : Hurford et al .. 1991 : Hunziker et al .. 1992 ). This bedrock age pattern is reflected in the detrital sample. which has two major peaks at 34.2 ± 2.7 Ma and 62.9 ± 15.1 Ma.
B. The Dora Baltea River. which reaches the southern flank of the Mont Blanc massif, drains parts of the Dent Blanche nappe. the Aosta Valley, and Sesia-Lanzo Zone. Publ ished bedrock zircon fission-track ages range between 12 and 190 Ma. The fission-track contour map (Fig. 8B) shows that there are three major cooling-age components in this drainage. <20. 20-40. and >100 Ma (Hurford et al .. 1991 : Hunziker et al .. 1992) . These age components are detected in the detrital sample with peak ages of 18.0 ± 2.0. 34.0 ± 5.6. and 101 .1 ± 22.5 Ma.
C. The Ticino River drains the Cent ral Alps (Lepontine dome) and parts of the Southern Al ps. including the northern end of the Ivrea Zone. This drainage allows the best comparison between bedrock ages and detrital age components. because it has the highest density of bedrock zircon fission-track ages of the examples presented in this paper (Hurford, 1986 : Giger and Hurford. 1989 : Michalski and Soom. 1990 : Hunziker et al.. 1992 . The bedrock zi rcon fission -track ages show the largest range. between 8 and >200 Ma, and the ages can be di vided into groups of < , and > 100 Ma on the fi ssion-track contour map (Fig. 8C) . In the detrital sample. components were detected as peaks at 8.6 ± 1. 4. 15.6 ± t .8. 25.6 ± 4.8. and 140.1 ± 19.0 Ma. which is representative of the bedrock pattern despite its apparent complexity. The above-mentioned results demonstrate the reliability of the detrital fission-track method 10 represent the zircon fi ssiontrack age distribution in a drainage area. To expand this approach from single. local drainages 10 a regional scale. we examined resul ts from five more river drainages: the Orco. Adda. Adige. Srenta. and Piave rivers. all of which drain the southern flank of Ihe European Alps. Probability density plots showing Ihe observed fission-track grain-age distributions of all river samples are presented in Figure 9 . Fission-track peak ages are given in Table 2 . All of the fission -track grain-age distributions are consistent with the cooling history and exhumational evolution of the Alps. Essentially. the detrital fi ssion-track data reflect: (o) fast exhumation of the Central Alps (-0.4-0.7 kmfm.y.>. where the metamorphic internal zone of the Alps is exposed: and (b) slower exhumation of the southern fl an k of the Alps and farther to the east (0.2 kmlm.y. and less). In these areas. the proportion of young to old grains decreases.
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CONSISTENCY OF DETR ITAL. Z IRCON FISSION· TRAC K RESULTS
We noted above that a single detrital sample could be used to resolve the major fission-track age components in a drainage area. but an important assumption in many studies of detrital minerals is that a single sample from a small part of a deposi · tional system is representative of all the sediment in that system. Few studies have addressed this issue. Here. we present three samples from the Rhone River delta in southeastern France (Fig.  2 , Table 2 : Bernet et aI., 2004) , which were selected to test for variability between samples collected from the same general part of a depositional system. The samples were collected to the east (Fig. 2. sample A, Fos·sur-Mer). the west (Fig. 2, sample B. Stes. Maries-<le·la·Mer). and near the modem main channel of the Rhone delta ( Fig. 2 . sample C. Plage de Piemanson). All samples were collected from heavy mineral placer deposits along the shore face.
The fission·track grain-age distributions for these three sam· pies have a similar range in ages. but the cumulative probability plots (Fig. lOA) show that sample A is signi ficantly different from samples Band C. as indicated by the KS test. The character of each fission-track grain-age distribution is illustrated in more detail by the probability density plots (Fig. lOB) and by the best· fit peaks (Table I) . Each distribution contains a similar set offour peaks. The main thing that distinguishes sample A from the other two samples is that its young peaks are relatively small and its old peaks rela tive to large. This difference may merely reflect shorttenn fluctuations in yield. as discussed above. Note. however. that the two young peaks in sample A are significantly older. by at least I m.y .. than the ages of the two young peaks in the other two samples. This difference may reflect the fact that the sedi· ments for sample A came from a different pan of the drainage relative to those represented by samples Band C. Despite these differences, the fission-track grain-age distributions for samples A, B. and C are remarkably similar. As result. we conclude that zircons moving through the RhOne drainage are well mixed and thus are able to deliver a fairly complete representation of the distribution of zircon fission-track cooling ages in the drainage.
CONCL US IONS
The data from the Rhone del ta samples indicate that det rital zircon fi ssion-track analysis gives similar results for different samples within a single depositional system. By dating 60-100 single grains of a detrital sample. using the multi· mount tech· nique with different etch times. it is possible to detect all of the principle cooling·age components in a drainage area. The relative sizes of the peaks in the distri bution are based on yield. which includes the erosion rate. lithology. and the size of are a o f the zircon sources at that time of erosion. In a number of drainage-spe· cific case studies. the detrital fission-track results make sense on a local as well as on a regional scale. so we are encouraged that this technique can be applied to other sedimentary sequences.
In a broader context. the observations in our study on zircons of modem river sediment from an orogenic belt support the results of other workers from ancient stratigraphic sequences. One of the real promises of the fission -track grain-age technique is its abi lity to address the long-term exhumation of orogenic belts. because sediments in a stra tigraphic sequence capture a representative picture of source exhumation th rough time (Cerveny et al.. 1988: Brandon and Vance. 1992: Garver and Brandon. \994b; Lonergan and Johnson. 1998 : Carter and Moss. 1999 : Garver et al.. 1999 : Carter and Bristow. 2000 : Spiegel et a1. . 2000 Bemel el al .. 2(01) . AI this point. we can be reasonably assured that the basin strata captures representative samples of the orogenic belt through time. and there is a reasonably quantitative transfer of material. An outslanding issue for those studies that utilize stratigraphic sequences is the temporal variation of drainage basins and the effects of long-term sediment storage wilhin or adjacent to the orogenic belt. Nonetheless. it seems clear that future studies will continue to advance our underslanding of orogenic exhumation from cooling ages in the sedimentary record, and therefore it is important that the potential influences are underslood and quantified.
